Introduction
The control of myometrial activity in the pig has not been extensively investigated. Little infor¬ mation is available on the behaviour and regulation of the uterine muscle in the non-pregnant animal. Experiments with cyclic animals (Docke & Worch, 1963; Zerobin & Spörri, 1972; Bower, 1974) and limited studies of ovariectomized sows (Zerobin, 1968; Taverne, 1982) have suggested that progesterone suppresses myometrial activity, although from the limited investigations of pregnant sows it appears that parturition can take place even when plasma progesterone titres remain above 10 ng/ml (Taverne, 1982) . This raises questions as to the efficacy of progesterone as a myometrial blocking agent. With regard to the action of oestradiol the picture is no clearer. There are no definitive studies and although Taverne (1982) claimed that oestradiol induced phasic myometrial activity and quiescence in ovariectomized sows, similar to that subsequently demon¬ strated in ewes (Lye, Wathes & Porter, 1983) , it is not clear that this is a reproducible phenomenon in the sow. Although in an isolated report McLennan (1983) noted that relaxin inhibits in vitro the spontaneous contractions of myometrial strips obtained from a pregnant pig, no information is available on the action of this hormone on uterine muscle in vivo in this species. Since most of the research into the physiology of relaxin employs the purified pig hormone we felt it important to ascertain its actions on the uterus of the sow, together with those of the two major ovarian steroids.
Materials and Methods
Mini-pig gilts were obtained from the herd at the Royal Veterinary College, London 6, 7, 12, 24, 30, 48, 72 and 120 h after 
Prog.
-- intravenously. The remaining 4 experiments served as controls and in these the animals received 3 ml saline intravenously.
Assay of hormones. Progesterone was assayed by a specific radioimmunoassay described by Wathes & Porter (1982) . In the present study only 1 la-hydroxypregn-4-ene-3,20-dione, 74%; 1 lß-hydroxypregn-4-ene-3,20-dione, 10%; 5a-pregnane-3,17-dione, 4-4%; 5ß-pregnane-3,17-dione, 2-8%; and 20a-hydroxypregn-4-ene-3-one, 1-4%, showed a cross-reactivity of >01% with the antiserum. The accuracy was assessed by adding known quantities of progesterone to 100 µ plasma containing 63 pg progesterone and assaying the extract. The mean + s.e.m. concentration for 3 samples in each determination was: for 7-8 pg added 790 + 120 pg measured (111 % recovery); for 31-25 pg added, 77-5 + 6-3 pg measured (82-2% recovery); and for 125 pg added, 145-7 ± 380 pg measured (77-5% recovery). The recovery of radioactive progesterone from 100 µ samples of plasma was 74-6 + 1-45% (4 assays). The sensitivity, defined as twice the s.d. of the zero value, was 7pg/tube and the inter-and intra-assay coefficients of variation were 16-4% and 17-4% respectively. Water and solvent blanks contained <4 pg/tube.
Relaxin was measured by a radioimmunoassay established in this laboratory, details of which are published elsewhere . The sensitivity of this assay is 30 pg/tube, the interassay coefficient of variation 11% and the intra-assay coefficient of variation 4%. In this assay the cross-reactivity with pig insulin is <001% and with pig prolactin <002%.
Statistical analysis. Pressure recordings were analysed for frequency and mean amplitude of intrauterine pressure cycles per 10-min period. An intrauterine pressure cycle was defined as any sequence of rise of pressure of greater than 10 mmHg with a subsequent fall of a similar magnitude and a duration of > 5 sec.
The data were analysed using the Genstat statistical analysis system (National Algorithms Group Ltd, Banbury, Oxford) by which a two-way analysis of variance was carried out using a regression method for non-uniform group size. The variation between pigs was controlled before testing for differences between times. Because of the repeated measures the pig-time interactions were used as denominators in F-ratios.
Results

Oestradiol experiments
After 16 out of 21 oestradiol benzoate injections which were given to animals which had received neither relaxin nor progesterone no significant change in uterine activity was detected. A similar lack of effect was noted following the 5 injections that were made in animals which had recovered from the effects of relaxin or progesterone treatments (see below). However, by 24 h after the remaining 5 injections the uterus was completely quiescent (Fig. 1), i.e. intrauterine pressure cycles > 10 mmHg amplitude were absent. At the time of uterine quiescence 3 animals received 10 unit oxytocin intravenously and in each case a significant intrauterine pressure response was obtained. By 96 h after injection the frequency of intrauterine pressure cycles had recovered to the pretreatment level.
Progesterone experiments
The frequency and amplitude of intrauterine pressure cycles fell significantly over the first 6 h, and by 24 h after injection with progesterone the frequency of cycles was less than 1 per 10 min compared with a pretreatment frequency of 5-6 + 0-6 cycles/10 min ( <0-001) (Fig. 2) . Amplitude had likewise fallen from 48-3 + 7-0 to 23-5 + 1-9 mmHg ( <0 25). Recovery of uterine activity in the 5 gilts was erratic (Fig. 2) , one gilt exhibiting a return to the pretreatment frequency by 54 h after progesterone whereas one required 140 h. The remaining gilts recovered within those two extremes. Plasma progesterone analysis did not provide an explanation for this variation, for although peak titres of~50 ng/ml were achieved at 7 h after injection, they fell sharply in all gilts tõ 10 ng/ml by 24 h, declining slowly to zero over several days. Intravenous injections of 1 unit oxytocin at +48 h when the inhibition of spontaneous activity was complete failed to elicit a pressure response in the uterus. This dose had been found to produce a significant increase in frequency of intrauterine pressure cycles in the ovariectomized animal treated only with oestrogens (see above).
Relaxin experiments
All 7 gilts responded to the intravenous injection of purified pig relaxin by a prompt and sustained reduction in the frequency of intrauterine pressure cycles from a pretreatment mean of about 4-5 cycles/10 min to 0-5 cycles/10 min at 10 min after injection (Fig. 3) . Mean amplitude of pressure cycles did not change significantly throughout the experiment.
After the time of maximum reduction in myometrial activity, frequency remained at <2 cycles/10 min for 2-5 h, after which a rapid recovery occurred in all gilts until pretreatment frequencies were regained by 3-4 h. When the effect of relaxin was at its maximum ( + 20 min) gilts received either a bolus injection of 1 unit oxytocin via the jugular catheter or an injection of a similar volume (1 ml) of saline alone. Saline had no effect, but a significant myometrial response to oxytocin was manifest in the form of a train of intrauterine pressure cycles of a maximum frequency of 5-1 + 1-3 (s.e.m.)/10min. The pressure response to oxytocin lasted for about 40 min, and then myometrial activity subsided again.
The bolus injection of relaxin produced a rapid rise in plasma titres of relaxin to around 50 ng/ml at 10 min after injection (Fig. 4) . However, the level was not sustained and the hormone was cleared rapidly from the circulation so that plasma titres fell to below 8 ng/ml by 25 min after injection and, apart from a small rise to 14-6 ng/ml at 50-60 min (attributable to an unexplained surge in one animal), remained at, or below this level until sampling was ended after 2 h.
Statistical analysis
The results of the two-way analysis of variance carried out on the data are summarized in Table 2 .
Discussion
The results of this study demonstrate for the first time that purified pig relaxin is a potent myometrial inhibitor in the pig in vivo. Moreover, the effect is similar to that demonstrated in animals of other species (Porter, 1979) in that frequency of intrauterine pressure cycles is lowered while amplitude is not significantly reduced. A single dose of relaxin, which for a brief period pro¬ duced plasma concentrations comparable to those found normally pre partum (Sherwood, Chang, Bevier & Dziuk, 1975; Taverne et al., 1982) (Docke & Worch, 1963; Zerobin & Spörri, 1972; Bower, 1974) , and suggests that the ability of progesterone, or synthetic progestagens (Craig, 1982) , to maintain pregnancy in the sow after bilateral ovariectomy is, at least in part, due to its inhibition of myometrial contractions. As in the rabbit (Csapo, Takeda & Wood, 1963) and the ewe , the effect of progesterone was gradual in onset since the reduction in the frequency of pressure cycles occurred progressively over a period of 6-24 h. Progesterone also abolished the myometrial responsiveness to oxytocin. The pig is therefore like the rabbit (Csapo et al., 1963) and sheep in that a classic progesterone 'block' can be demonstrated, a conclusion which is consistent with the reports that at least partial withdrawal of the action of the steroid is a prerequisite for parturition (see Taverne, 1982) . That progesterone withdrawal need not be complete in terms of plasma con¬ centrations (Taverne, 1982) may signify that such titres do not necessarily reflect myometrial concentrations of the steroid at term or that some other factor may be involved which exerts an anti-progesterone action at the level of the uterine muscle.
Our results with oestradiol benzoate are not conclusive. However, it is clear that complete uterine quiescence, as reported for rats (Burns, 1972; Fuchs, 1974; Downing, Lye, Bradshaw & Porter, 1978) , ewes (Lye et al., 1983) and sows (Taverne, 1982) , was only observed in a minority of treatments in our animals. This may reflect the limited times that we were able to record from our animals, but there was no evidence in our gilts that phases of enhanced uterine activity, as reported for the ewe (Lye et al., 1983) , followed periods of quiescence whether observed or missed. Plasma concentrations of oestradiol were not measured in this study but the dose used was comparable to that employed by Mercado-Simmen, Goodwin, Ueno, Yamamoto & Bryant-Greenwood (1982) which was adequate to maintain the population of relaxin receptors normally lost after ovari¬ ectomy. It is possible that the presence of an intrauterine balloon may have induced a higher level of activity than would have occurred in the intact uterus, and this may have interfered with the inhibitory action of oestradiol. However, the technique employed was the same as that used for the ewe in which the inhibitory action is reproducible (Lye et al., 1983; Lye, Sprague & Challis, 1982) . Moreover, an electromyographic study of the guinea-pig (Porter, Yoshinaga & Ford, 1974) suggested that the presence of a balloon produces minimal if any disturbance of myometrial activity. It remains unclear, therefore, whether a quiet phase consistently follows oestrogen treat¬ ments in gilts or whether it is a sporadic phenomenon. Only continuous monitoring, which was not feasible in the present study, will answer this definitively.
